The ratio of male to female births described as the male proportion is expected to be about 1.06. The secondary sex ratio can be influenced by various stresses experienced by parents (e.g., parents' exposure to chemical and physical pollution, natural phenomena, wars and economic crises). The seminal study in this field speculated that fewer goods and services than needed or desired might sufficiently stress human populations to lower the secondary sex ratio. The main purpose of this study is to examine the relationship between economic stress and the fluctuations of sex ratio at birth in Poland. The statistical analysis was based on annual demographic data obtained from year-books issued by the Central Statistical Office on the overall number of male and female live births in Poland in the years 1956-2005 as well as on the annual data of percentage change in total private consumption. In order to verify the hypothesis that the observed time-series of the secondary sex ratio in Poland declines with deterioration in economic conditions, we constructed mathematical models (ARIMA) of both analyzed phenomena following the statistical procedure proposed by . We found a statistically significant decline of SSR in Poland over the last 50 years. The decrease appeared to be stronger in villages than in towns. However, the consumption rate as related to the strength of economic stress had no effect on the fluctuation of the sex ratio at birth.
The secondary sex ratio (SSR) -expressed as the proportion of live male births to total births, or sometimes also as the proportion of male births to female births -in human populations ranges from 0.502 to 0.529 for the former, or 1.01 to 1.12 in the case of the latter. The slightly higher number of male live births (about 5%) constitutes part of an optimal developmental strategy for our species. However, in many studies it has been observed that the values of the male/female live births proportion are not constant, but fluctuate according to changing genetic and environmental factors.
According to the observations of MAR-TUZZI et al. [2001] , the consistent decline of the secondary sex ratio and an nonmonotonous trend can be noticed almost in the entire post-war Europe (the exception is Ireland where a consistently increasing trend was observed). Poland, Bulgaria, Sweden and United Kingdom are the four countries in which a monotonously decreasing trend in a number of male births/newborns is most distinctly visible (Fig. 1) . In Poland, between 1950-1996 there were 9.13 less live male births per 1000 births than expected. Fig. 2 presents the values of SSR registered in Poland from 1948-2005. Factors responsible for the SSR decrease include the parents' exposure to chemical pollutants such as dioxins, TCDD [MOCARELLI et al. 2000 , JONG-BLOET et al. 2002 , RYAN et al, 2002 , pesticides [VARTIAINEN et al. 1999 , Fig. 1. Change in male proportion between 1950 -1996 (per 1000 in Europe. After MARTUZZI et al. [2001] . FIGA-TALAMANCA et al. 2003 ], fumes [PERGAMENT et al. 2002] and radioactive substances [PETERKA et al. 2004] ; the mothers' heavy tobacco smoking [DOU-GHERTY and JONES 1982 , KORNAFEL 1995 , ŻĄDZIŃSKA 2003 , stresses brought about by natural phenomena such as floods [CATALANO 2003 ] or earthquakes [FUKUDA et al. 1998 ], wars [VARTIAINEN et al. 1999 , GRAFFELMAN and HOEKSTRA 2000 , JONGBLOET et al. 2001 , ZORN et al. 2002 , terrorist attacks and economic crises [JARRELL 2002 , CATALANO 2003 ]. On the other hand, according to KAR-MAUS et al. [2002] Michigan fish eaters exposed to a high concentration of polychlorinated biphenyls (PCB) have a relatively higher proportion of male offspring and therefore higher SSR.
It has also been suggested that in recent years, the decrease in SSR is influenced by the mother's illnesses (in particular metabolic alterations, such as diabetes) [JAMES 1998 , RJASANOWSKI et al. 1998 ], medications used in infertility treatment (mostly clomifene citric, which stimulates and intensifies ovulation) [JARRELL 2002] , an older average age of the parents' [TEITELBAUM et al. 1971 , IMAIZUMI and MURATA 1979 , RUDER 1986 , KORNAFEL 1995 , GUTIERREZ-ADAN et al. 2000 ; and the mothers' low body weight recorded just prior to pregnancy [CAGNACCI et al. 2004] .
The regulation of male to female ratio (within a population) can probably be effected in two ways. According to one hypothesis, hormones induced under stress in the mother cause idiopathic miscarriage of male embryos [HASSOLD et al. 1983 , BYRNE and WARBURTON 1987 , HOBEL et al. 1999 . These also may disturb the releasing mechanism of the SRY protein (the important event in male ontogenesis) (e.g., PHILIPS et al. 2006) . According to FUKUDA et al. [1996] , male hormones produced under stress significantly reduce the quantity and quality of spermatozoa in the semen. It is also possible that both of these phenomena are coincident and both account for a population's reaction to perturbations to the environmental conditions within which it lives.
The hypothesis presented by TRIVERS and WILLARD [1973] , according to which natural selection should favor mothers that produce sons in favorable conditions but daughters in unfavorable conditions, triggered research on the analysis of the economic stress impact on the coefficient of male births (relative to all live births). It is assumed that less than required consumption of goods and services can finally result in economic stress, which in consequence results in reduction of the rate of the secondary sex ratio. Such an assumption implies that the monitored secondary rate of sex ratio among alive newborns will decrease (as the result of a decrease of male births and/or an increase in a number of girls being born), when the population consumes less goods and services than it should according to its needs.
In the literature, however, there is a lack of any direct test that would verify such an hypothesis. What are usually analyzed are individual stressogenic factors impacting on a human population in the short time (e.g., a terrorist attack, war outbreak, or an earthquake). In such a case the relationship between socio-economic status (SES) and SSR is studied only "cross-sectionally". Meanwhile, it is commonly known that poverty can be a chronic stressor acting on an individual. The problem is, however, how to assess the level of "poverty" and its impact on stress level, and how to differentiate the impact on consumption, depending on the level of poverty. Additionally, SSR is often autocorrelated because it contains a distinctive trend or cycle that tends to register overstated (or understated) values after high (low) values occurring in time. Such autocorrelation complicates all such tests because the expected value of the correlated time series is not its average value.
The method of analysis of the impact of economic stress on the SSR within the defined time range has been put forward by CATALANO and BRUCKNER [2005] , who based their research on data of the Swedish population which encompassed 129 observations (years) of the rate of sex ratio of live newborns and percentage changes of household consumption capacity.
This method has been employed in the present work in order to attempt to answer the question of whether in the post-war Poland, deterioration of conditions of living resulted in a decrease of secondary sex ratio in newborns.
Materials and methods

Material
We used the data on the total number of live male (M) and female (F) newborns born in Poland in the consecutive years from 1956 to 2005 (source: Demographic Yearbooks of the Central Statistical Office (GUS). On the basis of the data for the whole country, as well as the separate data for cities/towns and villages, the time series of SSR (the ratio of male to female newborns (M/F) was calculated for each of 50 examined years) has been constructed ( Fig. 2) .
A variable that defines economic conditions within the examined period was the time series of the percentage change of household, private consumption at constant prices from 1995 within the period of 1956-2005 (50 observations) (calculations based on the Statistical Yearbooks of Poland from the years . The sequence has been constructed on the basis of private consumption value (in millions PLN, execution in current prices) converted to constant prices from 1995 with the aid of a "consumption deflator" (Fig. 3) . A "consumption deflator" is a statistical tool used to convert the value of consumption (time series in current prices) into an inflation-adjusted value of consumption (time series in set prices) in order to compare the changes of consumption over time after factoring out the overall effects of inflation.
Description of statistical method
In the statistical procedure employed, the null hypothesis (H 0 ) that has been formulated implies that economic conditions (consumption rate) do not have an influence on SSR. The alternative hypothesis (H 1 ), was that SSR is influenced by the economic factors measured by the consumption rate. In the next steps of analysis we aim to reject the H 0 hypothesis in favor of H 1 . A detailed approach to the analysis of consumption impact on SSR is as follows:
In the first step, values of the equation parameters of percentage consumption change are estimated by use of AR (autoregression), MA (moving average), or ARIMA (autoregressive-integrated moving average) method, proposed by BOX and JENKINS [1983] as the procedure used in estimation of the stochastic model for analysis of the time-series. Thus, the series has been deconstructed into two parts, an autoregressive part consisting of lagged values of percentage change of consumption from the previous periods, and a moving average part, consisting of lagged error terms.
In the second stage, to identify the appropriate ARIMA model the stationarity of the time series is investigated, i.e., occurrence of trend is assessed. If a trend occurs, time series are often transformed to become stationary by differencing in order to eliminate it if a nonequation is left unchanged. A time series which needs to be 'differenced' to be rendered stationary is said to be "integrated".
For the Polish data, modeling of the SSR time series required differentiation of the series (due to the significant decreasing trend) as well as to eliminate the impact of outliers occurring in the SSR and consumption change series, including dummy variables in the equation. Taking into consideration the variables as descriptive variables we eliminated the problem of untypical observations that stood out from other years, such that those variables remaining in the model do not have to describe these observations, resulting in better model fitness. In this way we dealt with outliers that could have strongly influenced the resultsthese outliers were detected on the basis of graph analysis.
The Dickey-Fuller and Box-Jenkins [BOX and JENKINS 1983] method is used for identification and expression of series autocorrelation. Partial (PACF) and total (ACF) autocorrelation of a series is examined in order to define a number of lags for autoregressive parameters AR(p) and a number of lags of moving average terms MA(q). On the basis of the obtained information, the ARIMA (p, d, q) model is constructed, which describes the variance of consumption time series.
In a consecutive step of the same method, the M/F time series -SSR is used in order to find "p" lags of the explained variable (SSR) and "q" lags of random elements (error terms) in the SSR model. The equation of SSR has been completed with the "unexplained part of consumption" obtained from the previous model -residuals from the model that are realizations of random elements from the consumption equation (after first making sure that the residuals are not correlated). Next, the model parameters are estimated in such a way that estimated values should be statistically significant and extend the model with the lags of additional variables.
In the final step, the assessment of parameter values obtained for the SSR model was carried out. The objective was to reject the "erroneous" null/H0 hypothesis on the basis of evaluation of values and signs of the estimated parameters. If the value of the estimated parameter of residuals from "the consumption model" is at least 2 times higher than the standard deviation, we assume that the obtained estimate of parameter is stationary and we reject the H 0 hypothesis in favor of the alternative hypothesis, whereas we draw the whole interpretation from the coefficient sign and the variable lag of consumption rate residuals.
There are 3 possible variants:
(1) Estimate of the parameter is two times higher than standard deviation, and estimate of the parameter is positive, which means a stationary and correct solution, (consumption increases SSR increases);
(2) Estimate of the parameter is two times higher than standard deviation, and estimated parameter is negative, which means that the economic stress hypothesis is not confirmed because when consumption increases SSR decreases; (3) Estimate of the parameter is not (less than) two times higher than standard deviation, (parameter of no importance), which means that the solution is unstable.
Estimations of the parameters of the models have been carried out using statistical program GRETL 1.6.0 [KUFEL 2004] .
Results
The analysis of time series of annual rates of household consumption (in constant prices from 1995) showed its stationarity, as there were no grounds for rejection of the H 0 hypothesis that the value of coefficient of regression line equals 0. The value of the trend line's slope (-0.026) within the whole analyzed period (t-Stat = -0.46; p = 0.64) appeared to be insignificant.
For the evaluation of variances' nonstationarity, the augmented Dickey-Fuller test (ADF) was used with null hypothesis where the process is cumulative (integrated) in the first degree I(1), against the alternative hypothesis where the process is not cumulative I(0). Significantly negative values of the parameters have been obtained at the delayed consumption variables in ADF tests, which indicates the lack of integration process. It allowed us to reject the H 0 hypothesis that the process is integrated in 1 (d=1) degree in favor of the alternative hypothesis that the integration row amounts to 0 (d=0) -and the time-series is stationary.
Further analysis of the properties of the consumption change time series (PACF and ACF), which respectively examine the "pure" relation between studied observations and more distant dependencies among observations, allowed us to construct an autoregressive equation of percentage consumption change with a one year lag -AR(1). The dependent variable was denoted as "∆ C/C". In the equation, dummy variables for the years 1960, 1982, 1990, 1999 were used. From the model of consumption rate (Table 1) , residuals (differences between theoretical values, calculated from the equation, and empirical values -variable named e ∆ C/C), have been calculated.
A following step was analysis and identification of the time series of SSR. Within the entire analyzed period (t Stat = Table 1 . Estimation of AR(1) with use of 50 observations . Dependent variable ∆ C/C -relative consumption value rate (percentage rate of consumption value with one year lag in constant prices of 1995); ∆ C/C(1) -autoregressive parameter of consumption equation -relative consumption value rate with one year lag; Z1990, Z1982, Z1999, Z1960 -dummy variables to explain untypical values in the time series and to increase model fit (coefficient of determination); = -6.38; p < 0.0001) SSR had a significantly decreasing trend (-0.00031). The SSR series was not stationary. In order to make any further analyses on SSR, this time series general trend should be removed. To do that, a new M/F t -M/F (t-1) series has been obtained, which is a stationary series (variable named dM_F -SSR values after single-time differentiation I(1)).
Dependent variable: ∆ C/C
Function analysis of partial and total autocorrelation has allowed us to point out the significance of first lags for the autoregressive process AR(p) (PACF) and for moving the average process MA(q) (ACF). The method put forward by Catalano and Bruckner suggests that while constructing the M/F equation one should additionally make sure that any further delays of the described variable do not have to be taken into consideration. Finally, the equation has been constructed is based on M/F t -M/F (t-1) difference, where two lags of the differenced M/F variable and 1 lag for the moving average occurred. However, for effective sequence modeling, it is necessary to eliminate certain untypical values in years 1959, 1963, 1974, 1980, 1995 , by introduction of dummy variables.
According to the CATALANO and BRUCKNER [2005] method, residuals from the consumption model with a oneyear lag (e ∆ C/C(1)) have been used as independent variable for the constructed equation M/F. As a result, we obtained a statistically significant model of SSR difference changes with a one year lag in relation to changes of the consumption rate ( Table 2) . Estimation of the model indicated that all the parameters were statistically significant, and the model residuals are uncorrelated. While selecting the final model we used the lowest value of the Akaike Information Criterion (AIC), Schwarz Bayesian criterion (BIC) and Log-likelihood.
The evaluation of rate of "consumption residuals" showed stability of the constructed model (parameter value to its standard deviation was at least 2.9 times higher -s.d. equals only 34% of the parameter). However, its negative value (Tab. 2) does not allow us to confirm the hypothesis that decrease in consumption causes decrease in SSR.
Discussion
Within the analyzed period of 50 years , we found no significant relationship between consumption of private households and SSR. It is possible that this resulted from the minimal number of observations necessary to apply the ARIMA method (50 observations). The suggested statistical procedure used in the present work has been based on Swedish data that included 129 years of observations. It is also possible that the indicator of economic stress used in our studies (percentage changes of households' consumption), does not fully reflect economic conditions in communist and post-communist countries. CATALANO and BRUCKNER [2005] claim that their method is only one of the possible approaches to as difficult a problem as the relationship between economic stress and SSR.
The time series has been constructed for the whole population, while the trend can also differ due to the environment. In cities (data from the period of , the trend coefficient is -0.00031 (t Stat = -6.63; p < 0.0001) and for the rural population its value is lower and equals -0.00040 (t Stat = -8.40; p < 0.0001) (Fig. 4) . The pace of SSR decline is significantly slower in cities than in villages (t Stat = -1.92 which exceeds the critical value of t = 1.67). The decline of SSR in the Polish rural community was already observed by HENNEBERG [1977] for 19 th century inhabitants of Szczepanowo (Great Poland region). One of the possible explanations of the difference can be based on the maternal dominance hypothesis, according to which women who are relatively more dominant and achieve are more likely to conceive sons [GRANT 1996, GRANT and YANG 2003] . It is likely that women who make decisions about leaving the countryside and move into cities are significantly more likely to have scored higher on the tests of dominance. This result also confirms earlier reports which suggest that the decline in the SSR is an effect of parents' exposure to chemical fertilizers as well as to pesticides used in agriculture [VARTIAINEN et al. 1999 , FIGA-TALA-MANCA et al. 2003 . It is also possible that the intensive decline in SSR in the last 50 years observed in Polish villages could be influenced by increasing migration from rural to urban centers, but due to lack of precise data e.g., on migration, we are not able to test this hypothesis.
Such distinct environmental differences in the rate of SSR decline were not as marked in the Swedish population [CATALANO et al. 1999, CATALANO and . Possibly, in the case of the Polish population, modeling for time series of consumption and SSR should be done separately for villages and cities. This procedure would however require regionally and environmentally different consumption coefficients that would describe changes in household consumption separately for cities and villages. Finally, the procedure of initial stationarization of time series characterized by a distinct decreased tendency can affect the process of statistical modeling.
It seems that the explanation of the SSR decreasing with time, which is a matter of concern in many European countries, is an issue that requires further research on multi-factorial causes that modify the dynamics of the process.
Conclusions
1. The decreasing trend of time series of secondary sex ratio in Poland is statistically significant for the entire analyzed period. 2. The decreasing trend of time series is more distinctive in villages than in cities/ towns.
3. The analysis carried out in this paper does not allow us to reject the hypothesis that the decrease in SSR is not related to the economic conditions measured by the total private consumption rate.
